Context. Nearby young clusters are informative places to study star formation history. Over the last decade, the σ−Orionis cluster has been a prime location for the study of young very low mass stars, substellar and isolated planetary mass objects and the determination of the initial mass function. Aims. To extend previous studies of this association to its core, we searched for ultracool members and new multiple systems within the 1. ′ 5×1. ′ 5 central region of the cluster. Methods. We obtained deep multi-conjugate adaptive optics (MCAO) images of the core of the σ−Orionis cluster with the prototype MCAO facility MAD at the VLT using the H and K s filters. These images allow us to detect companions fainter by ∆H≈5 mag as close as 0.
Introduction
Over the last decade, the σ−Orionis cluster has become one of the prime locations for the study of brown dwarfs (BDs) and planetary-mass objects (PMOs). It is young (2-3 Myr), free of extinction (A V <1 mag) and it has a large low-mass population (???????????) . The Hipparcos parallax to the central OB pair σ Ori AB is 320 +120 −90 pc, and most previous studies used 350 pc to σ Ori AB as the cluster distance. Other authors estimated distances at about 390 pc (??). ? recently refined the measurement using main-sequence fitting and derived an improved value of 440 pc for a solar metallicity (?). The cluster mass function rises steadily from the very low mass stars through the BDs and into the PMO domain (??). No obvious discontinuities are seen either at the mass boundary between very low-mass stars and BDs or at the frontier between BDs and PMOs, which is not surprising as the initial mass function does not reflect the onset of nuclear reactions that may have occured during the subsequent evolution for stars and BDs. About two dozens PMOs candidates have been identified in the cluster (???). About half of those have been confirmed spectroscopically (????).
Evidence of disks has been found around BD and PMO members by the detection of large Hα emission, flux excesses at mid-infrared (mid-IR) wavelengths and large-amplitude photometric variability (???????). In particular the very strong Hα emission brown dwarf SOri 71, located just above the cluster deuterium burning limit, displays excess flux in IRAC band 4.5 at 8.0 µm (?). If the cluster PMOs form in a similar way to the very low-mass stars and BDs, we expect that they would have dusty disks, probably of lower mass scaling with primary mass. ? suggested an increase of the disk frequency towards low masses in the cluster, with a peak of 40% in the mass interval 0.2-0.1 M ⊙ . According to ?, the disk rate in the BD domain could be as high as 50%. ? and ? have reported mid-IR excesses in seven cluster PMOs, indicating that more than 30% of them have dusty disks. ? reported that the mass accretion rate of σ−Orionis members harboring disks is significantly lower than that of e.g ρ−Oph members. On the other hand, ? report a significantly larger fraction of accretors than in the neighboring λ−Orionis association where star formation might have been triggered by a supernova explosion (?).
The multiplicity of σ−Orionis members has been the subject of a number of studies. Using a Fraunhofer micrometer, ? resolved σ Ori AB for the first time as a close binary (0.
′′ 26). A few decades later, ? used the micrometer mounted on the 36 inch telescope at the Lick Observatory and confirmed the multiplicity of σ Ori AB. ? identified a possible spectroscopic component in the σ Ori AB binary system. More recently ? obtained adaptive optics (AO) images of the central region of the cluster, resolving a number of sources. ? used high resolution spectroscopic measurements of a sample of candidate very low-mass stars and BDs of the association to confirm the youth and membership and to search for spectroscopic binaries. Their preliminary conclusions, based on small-number statistics, shows that the binary fraction among σ−Orionis very low mass members is higher than that reported for their older field counterparts. Our understanding of the σ−Orionis cluster was recently complicated by the discovery by ? and ? of two distinct kinematics populations with different ages. However, most of the objects belonging to the older kinematic group are located northward of the central region of the σ−Orionis cluster, outside the area covered by the present study.
To extend the previous studies of σ−Orionis to its core we conducted an AO assisted imaging survey of the central part of the σ−Orionis cluster with the ESO multi-conjugated AO prototype instrument Multi-Conjugate Adaptive Optics Demonstrator (hereafter MAD ?). These deep images have a resolution of ≈0.
′′ 1 on a field of view of 1. ′ 5×1. ′ 5.
MCAO Observations
2.1. MAD: a multi-conjugate adaptive optics facility at the VLT MAD is a prototype instrument performing wide field-of-view, real-time correction for atmospheric turbulence (?). MAD was built by the European Southern Observatory (ESO) with the contribution of two external consortia to prove the feasibility of MCAO on the sky in the framework of the 2 nd generation VLT instrumentation and of the European Extremely Large Telescope (ELT, ?). Originally designed as a laboratory experiment, MAD was offered to the community for science demonstration in November 2007 and January 2008 and was installed at the Visitor Focus of the VLT telescope UT3 Melipal. An overview of its performance on the sky is given in ??. Its CAMCAO near-IR camera is based on a 2048×2048 pixel HAWAII-2 infrared detector with a pixel scale of 0.
′′ 028 for a total field of view of 57.
′′ 3×57. ′′ 3. At the time of the science demonstration observations, the CAMCAO camera suffered from a form of light leak. The amount of light and the pattern seen on the frames depend ′ 5×1.
′ 5 field-of-view of the final images is also represented. North is up and east is left.
on the position of the camera, the DIT and the observing conditions, so that it is not possible to perfectly correct for it. The three wavefront sensors can close the loop on stars brighter than V≈12 mag within a circular area of 2 ′ diameter.
Observations
During the on-sky demonstration run of MAD held in November 2007, a region of 1. ′ 5×1. ′ 5 centered on the σ−Orionis cluster was observed in the H and K s filters. Figure 1 gives an overview of the pointings and of the guide stars used for wavefront sensing. The geometrical distribution of the guide stars is quite asymmetric, leading to non-optimal corrections.
A set of NINT=30 images was obtained by dithering within a box of 15 ′′ using the scanning capability of the infrared camera and keeping the adaptive-optics loop closed during the whole operation. The ambient conditions 1 during the observations reported by the ESO Ambient Conditions Database are given in Table 1 . The conditions were significantly better during the Hband observations, with a coherence time of τ 0 =3.2 ms, and an average seeing of 0.
′′ 63 three times better than during the K s band observations, explaining the better quality and sensitivity of the H band images. The exposure time per individual image was 30×0.8 s (NDIT×DIT), so that the total exposure time for the final mosaics added up to 12 min in each band.
The corresponding images were processed with the Eclipse reduction package (?). They were first dark-subtracted and flatfielded. The sky contribution was then removed from the input frameset by filtering out low-frequency sky variations from the cube of jittered images. The images were then aligned and stacked to produce the final mosaics. The astrometric solution was computed using isolated and unresolved 2MASS counterparts and is accurate to within 0.
′′ 1. The final processed mo- Table 3 ). North is up and east is left and the scale is indicated.
saics are available upon request from the authors of this article. Figure 2 shows the final H-band mosaic.
MCAO performances
The Strehl ratio in the K s band ranges from 2% to 6%. The undersampling of the PSF in the H band prevents us from computing meaningful Strehl ratios, but the performance are expected to be similar. The quality of the correction closely follows the geometry of the 3 reference stars, and most sources away from the line made by the 3 reference stars are elongated with ellipticities in the range 0.41≤ e ≤0.95. In spite of the low Strehl ratios, the PSFs are much sharper than in the seeing limited SofI images (full width at half maximum FWHM≈0. ′′ 8, see Section 3.1) with an average FWHM of 0.
′′ 10 in H and 0. ′′ 15 in K s . Adaptive-optics provide not only high spatial resolution but also high-contrast images. To illustrate the performances of the instrument and the limitations of the observations, we computed the limit of sensitivity for two cases: a star with H & K=14.5 mag located in a region of good AO correction (hereafter referred to as the "center") and a fainter star (H=15.88 mag,K=15.55 mag) located in a region of worse AO correction (hereafter referred to as the "edge"). The limit of sensitivity was computed using the 3-σ standard deviation of the PSF radial profile. Figure 3 shows the results. The MAD images allow detection of companions with a magnitude contrast ∆m=4 mag at 0.
′′ 25 and 0. ′′ 35 in H and K s respectively on a 14.5 mag star at the center. Sources brighter than ≈8 mag were saturated or above the detector linearity limit. We detected sources as faint as K s =19.55 mag and H=21.65 mag (3-σ detection), therefore well below the deuterium burning limit at the age (1-5 Myr) and distance (440 pc) of the cluster (predicted at H=17.03 mag for the DUSTY models and H=16.87 mag for the COND models, ??). 
Photometry
Because of the complexity of the MCAO wavefront sensing, the PSF shows spatial variations due to anisoplanetic effects in the AO observations that can affect PSF photometry. To alleviate this problem, we took advantage of the sparsity of the field and performed aperture photometry rather than PSF fitting, except in a few cases of close multiple systems or when the source was located in the halo of a bright neighboring massive star. In these latter cases we extracted the photometry using nearby isolated stars as the reference PSF. The aperture photometry was performed using standard routines with the daophot package within IRAF 2 , using an aperture of 18 pixels (0. ′′ 5), and a sky annulus between 20-24 pixels (0.
′′ 56-0. ′′ 67). Two well-behaved isolated and unresolved 2MASS sources with clean H-band photometry (quality flag A, 2MASS J05384652-0235479 and 2MASS J05384746+0235252) were used to derive the photometric instrumental zeropoints given in Table 2 . The K s -band zeropoints were computed using 11 clean and unresolved matches found in the SofI image (see Section 3.1). Some systematic errors might remain because of the strong anisoplanetism and unaccounted color terms. They are difficult to estimate because of the small number of well behaved counterparts in the 2MASS and SofI catalogs. The relatively small scatter between the MAD K s and SofI K s photometry of the 11 isolated sources in common (well within the uncertainties) suggest that the aperture was chosen large enough that these spatial variations do not affect the final photometry too much. The 36 detected sources and their photometry are reported in Table 3 .
Complementary archival data
We searched the ESO and Spitzer public archives for complementary datasets of the same field.
NTT/SofI images:
The cluster was observed in the K s band with SofI at the NTT on 2001 December 12 (P.I. Testi, Programme 67.C-0042). A set of NINT=15 dithered images of 12×5 s (NDIT×DIT) was obtained that night. We retrieved the data and the corresponding calibration frames and processed them following standard procedures using the recommended Eclipse reduction package. The seeing (measured on the image) was 0.
′′ 8. We extracted the PSF photometry of all the sources brighter than the 3-σ noise of the local background using the ? Starfinder code. Using six unresolved 2MASS sources (quality flag A) we derived a zeropoint magnitude of 23.96±0.19 mag. Table 8 is available on-line. The limit of detection of the images is ≈20 mag, and the limit of completeness is ≈19 mag as illustrated in Fig. 4 . The detector nonlinearity reaches about 3% at 14000 A.D.U., corresponding to K s =13.6 mag.
VLT/NACO images:
The central stars σ Ori AB and D were observed twice with the AO facility NACO on the VLT (Programs 074.C-0084 and 074.C-0628, P.I. Neuhäuser). A first set of 4 images of 100×0.345 s (NDIT×DIT) each was obtained on 2004 October 10 in the K s band with the S13 camera. A second set of 10 dithered images of 10×0.345 s (NDIT×DIT) was obtained in the narrow band Brγ (NB_2.17) filter. We retrieved the data and the associated calibration frames and processed them using the recommended Eclipse reduction package. The second epoch narrow band images are much shallower than the first ones, and we do not discuss them further. The limited number of images obtained at the first epoch does not allow us to correct perfectly for the bad and hot pixels. The brightness of the massive OB pair makes it an easy target for NACO and the Strehl ratio was high (60∼65%, FWHM=0.
′′ 07). The final image is shown in Fig. 5 and the astrometric measurements in Table 7 .
Spitzer data
The σ−Orionis cluster was observed with Spitzer IRAC on 2004 October 08 in the course of program 37 (P.I. Fazio, ?) and with Table 4 gives a summary of the observations. We retrieved the calibrated, individual IRAC BCD (Basic Calibrated Data) images and stacked them following the procedures recommended by the Spitzer Science Center (SSC) with the MOPEX software package and the relevant calibration files. The final long exposure mosaics in channel 1 and 3 are made up of images of both programs 37 and 30395 weighted by their exposure times. Program 30395 channel 2 and 4 images do not overlap with our area of interest. The final mosaic images in these 2 bands are therefore made of program 37 images only. The short exposure mosaics allowed us to extract the photometry of bright sources otherwise saturated in the long exposure mosaics. A total of 9 sources detected in the MAD images are also detected in one (or more) Spitzer IRAC band. We extracted the photometry using standard PSF photometry procedures within the Interactive Data Language. Uncertainties were tentatively estimated from the Poisson noise weighted by the coverage maps of the mosaics, but the presence of the bright and asymmetric halo and ghosts around the massive stars make it difficult to estimate reliable uncertainties. The results are given in Table 5 and Fig. 6 . The cluster was also observed with MIPS on 2004 March 17 in the course of Program 58 (P.I. Rieke). These observations are described in detail in ?. Except for one object (described in Section 7), the coarser resolution and lesser sensitivity of the MIPS images in the vicinity of the massive central OB stars does not allow us to extract any useful MIPS photometry for the MAD sources.
Nature of the detections
In order to rule out the possibility that some of the faint sources detected in the MAD images are artefacts (such as e.g bad pixels, remnants, ghosts, cosmic ray events, etc.), we compare the SofI, NACO and MAD images. Only seven objects detected in the MAD H-band image are not detected in the MAD and SofI K sband images, ruling out the possibility of artefacts for the other 29 objects.
Two of these seven sources without K s band counterparts in either the MAD or SofI images fall within the field of view of the NACO K s image. Only one is detected (SigOri-MAD-11, see Fig. 5 and discussion hereafter). The other one (SigOri-MAD- 13) falls in an area of the NACO mosaic where only one image was co-added (no overlap with the other 3 images) and where the sensitivity is therefore significantly worse. It is not detected in the SofI image as it falls on a diffraction spike of the bright OB stars where the limit of sensitivity is significantly worse. We estimate the limit of sensitivity at the expected position of SigOri-MAD-13 in both the NACO and SofI images by adding artificial stars of decreasing luminosity until the 3-σ detection algorithm misses it. The detection limits measured that way are K s ≈17 mag in both the NACO and SofI image, thus just at the limit to detect SigOri-MAD-13. The nature of SigOri-MAD-13 is therefore uncertain and must be confirmed with new images. The five remaining H-band sources without a MAD, SofI or NACO K s counterpart are either located on diffraction spikes, or in a region where the halos of the bright massive stars are strong, degrading the limit of sensitivity of the SofI or NACO images. These five sources are the faintest of our sample, and with the currently available data we cannot rule out the possibility that they are false positives. However, the presence of confirmed sources with similar magnitudes (e.g SigOri-MAD-26) in both the H and K s images and the quality of the correlation between the PSF of these sources and the PSF of nearby objects (all better than 0.78) suggest that these detections are likely to be real as well. New images with a better signal-to-noise ratio are required to confirm their nature. An upper limit on their Ks band luminosity was derived by adding artificial stars of decreasing luminosity at the expected position of the source until the 3-σ detection algorithm no longer detected them.
SigOri-MAD-27 falls close to the position of a saturated bright massive star's remnant spot in both the H and K s MAD images (see Fig. 2 ). The associated H band photometry is therefore unreliable and should be considered with caution. The K s band photometry was measured in the SofI image and is therefore unaffected and reliable.
Multiple systems
With an average resolution of ≈0.
′′ 1, the MAD images resolve a number of multiple systems.
Previously known multiple systems
σ Ori AB: The brightest star in σ-Orionis, which gives its name to the cluster, is a known multiple system made of at least two components, σ Ori A and B (?). The pair is saturated in all the MAD, NACO K s and SofI images and no useful broad-band photometry can be performed. We used the unsaturated NACO Brγ image to measure the relative astrometry of the pair, as reported in Table 7 . σ Ori C: has been resolved as a wide binary by ?. It is clearly resolved in the new MAD images. The primary σ Ori Ca is saturated in the MAD H-band but the large separation allows us to accurately measure the photometry of Cb. From the unresolved 2MASS photometry, we derive the relative H-band photometry given in Table 7 . It is also resolved in the SofI image but the bright Ca primary is saturated.
New multiple systems
σ Ori IRS1: the X-ray, radio, mid-and near-infrared source (?????) is resolved in both the MAD and NACO images and we measure its accurate relative astrometry and photometry (see Table 7 ). The resolved photometry and colors of the individual component correspond, according to the latest NextGen models of ?, to masses of 0.47 M ⊙ and 0.12 M ⊙ , but these values must be considered with caution as previous studies reported a high local extinction toward this source. The object was recently resolved independently by Caballero & Rebolo (in prep., private communication) , and detected with AO in the optical but unresolved by ?. ? detected this object in the mid-IR with TIMMI2 at the ESO/3.6m and associated it with the radio source reported at 2, 6 and 20 cm by ? and to the mid-IR source IRAS 05362-0237. Based on the mid-IR excess, the displacement between the mid-IR photocenter (associated with a disk) and the radio photocenter (associated with free-free emission from a ionization front) and the presence of processed silicate grains revealed in the mid-IR spectrum, they describe the object as a proplyd, a proto-planetary disk being dispersed by the intense ultraviolet (UV) radiation from σ Ori AB (?). The source was marginally resolved in their 8.6 µm images, with a size of ≈1. ′′ 1. ? high resolution Chandra xray observations show that the xray source associated with σ Ori IRS1 is variable and must be a magnetically-active young TTauri star. To further investigate the nature of this source, we retrieved MIPS images of the cluster from the Spitzer public archive. The observations are described in detail in ?. The central massive pair σ Ori AB is saturated in all IRAC and MIPS 24 µm images preventing us from extracting useful photometry for σ Ori IRS1. A bright source is detected in the MIPS 70 µm image at α =05h38min44.9s and δ =-02
• 35 ′ 56.0 ′′ , i.e only 2. ′′ 24 from σ Ori IRS1 but 4.
′′ 9 from σ Ori AB. With a FWHM of ≈21.
′′ 5, it is difficult to associate the mid-IR source with either of these two objects with certainty, but the closer distance to the MAD, TIMMI-2 and VLA sources (see Fig. 8 ) and the expected much lower 70 µm flux of the massive pair lead us to associate the MIPS 70 µm source to σ Ori IRS1. Using PSF photometry, we measure a flux of 752±150 mJy. This value is not consistent with the IRAS 60 µm photometry given for the associated source IRAS 05362-0237, which is 6.95 Jy . With a much broader PSF, the IRAS photometry includes the flux of nearby bright nebulosities and is therefore unreliable. Fig. 8 shows the relative positions of the MAD, VLA, TIMMI-2 and Spitzer detections as well as the spectral energy distribution of the source. The formation and evolution of such a system in a Trapezium-like cluster at a projected distance of only ≈1200 AU (the physical distance might be much larger) of a pair of massive OB stars make it particularly interesting. One can indeed wonder how such a pair and its circum-binary disk has survived the dynamical interactions commonly occuring in such a cluster for as long as 1∼3 Myr. If confirmed, the nature of this low-mass/very low mass pair will provide direct proof that relatively wide (>100 AU) low mass pairs and their disk can survive the gravitational interactions and photo-evaporation in the early stages of the formation of proto-stellar clusters.
σ Ori E: is resolved in the MAD images. The two components are saturated in the H-band image. The secondary is not saturated in the K s -band image, but the heavy saturation of the primary and its halo prevent us from making any accurate measurement of the photometry of the secondary. Table 7 gives approximate measurements of the separation and position angle. We tentatively derive an upper limit on the Ks-band luminosity of the companion by adding an artificial PSF of increasing luminosity at its diametrically opposed position until the luminosity matches that of the companion. The luminosity roughly estimated this way (Ks≈10∼11 mag) corresponds to an estimated mass of 0.4∼0.8 M⊙. σ Ori E was suspected to have a low mass companion for several decades. ? had noticed a peculiar variable Hα emission in the σ Ori E spectrum and interpreted it (among other hypotheses) as the effect of the possible presence of a very low mass companion. Using uvby beta light curves, ? later suggested that σ Ori E was indeed a binary system, and put an upper limit on the mass of the companion at M<0.1 M ⊙ for inclination i >45
• . The source displayed repeated X-ray flares (reported with ROSAT, XMM-Newton and Chandra, respectively by ???). The X-ray activity was suspected by several of these authors to be in part due to the presence of an unseen low mass companion. The MAD images show that a low mass companion is indeed present next to the massive helium-strong σ Ori E star and could be responsible for the observed X-ray activity. ′′ 1) and is represented with a dimensionless cross. The different positions have been aligned using the MAD H-band image as the reference frame. The uncertainty on the MAD mosaic image astrometric solution is ≈0. ′′ 1. All these detections are closer to σ Ori IRS1 than to σ Ori AB. The scale is indicated. North is up and east is left. Right Panel: Spectral energy distribution of σ Ori IRS1. The IRAS fluxes are represented with grey circles (detections) or a triangle (upper limit). As the source is unresolved in the TIMMI-2, Spitzer and VLA images, the H and K s fluxes correspond to the combined fluxes of the two components as measured in the MAD and NACO images. Fig. 9 shows a color-magnitude diagram of all the sources detected in the MAD images, as well as catalogs of cluster members from the literature for comparison. A number of sources have luminosities and colors consistent with the cluster isochrones and with substellar and planetary masses. With only two bands and no comparison fields away from the cluster it is difficult to assess the level of contamination. Using the model of stellar population synthesis of the Galaxy of ? we find that the expected contamination by background giants or foreground dwarfs in the field of view of the MAD images must be very low.
Substellar and isolated planetary mass candidates
? recently estimated that the number of expected field L and Tdwarf contaminants toward the cluster adds up to ≈550 objects per 1deg 2 , corresponding to <0.4 contaminants in the case of our study. The contamination by extragalactic sources is expected to be much higher, as illustrated by the recent survey of the cluster by ?. With the current data, it is not possible to estimate the contamination by extragalactic sources among the MAD detections. We nevertheless note that none of the sources identified in the MAD images is extended while most extragalactic sources rejected by ? in their analysis were extended. Additional observations are required to confirm the membership of the new candidates.
Using the Spitzer photometry, we tentatively assess further the nature of the nine sources with mid-IR counterparts. Figure 6 shows the spectral energy distributions (SED) of the stellar candidate members. All but SigOri-MAD-34 match very well the median SED of cluster members measured by ?, ruling out the possibility of extragalactic contaminants. SigOri-MAD-34 displays a mid-IR excess most likely related to a circumstellar disk and providing further evidence of its youth and mem- bership of the association. Figure 7 shows the SEDs of all the MAD substellar candidates with a Spitzer counterpart. All but SigOri-MAD-31 also match very well the median SED of cluster members and the synthetic DUSTY SEDs of the corresponding H-band luminosity at the exact distance of the cluster sequence (440 pc, ?) and for an age of 1 Myr. These SEDs could be equally well fitted by a foreground late-M field dwarf at a distance of ≈100 pc, preventing us from drawing any firm conclusion regarding their membership of the association. Spectroscopy and proper motion measurements are required to confirm their nature. SigOri-MAD-6 (2MASS J05384454-0235349) was suggested to be a background A-F star or an extragalactic source by ? based on its blue J-K s color. The new 3.6 µm photometric measurement allows us to rule out the extragalatic contaminant hypothesis. The J-band photometric measurement reported by ? is ≈0.7 mag brighter than the expected J-band luminosity of a 0.025 M⊙ cluster member. All the other measurements (H, K s and 3.6 µm) are in good agreement with the luminosities expected for a 0.025 M⊙ cluster member as shown in Fig. 7 . The J-band luminosity discrepancy could be due to underestimated errors on the photometric measurement Mayrit 72345 and Mayrit 111335 are two L-dwarf candidate members reported by ? using optical, near-infrared and xray photometry. The two sources are detected in the SofI Ks-band image and in the Spitzer IRAC1, 2 and 3 channels (respectively SigOri-SofI-181 and SigOri-SofI-142, Table 6 and 8). The SofI photometry is in good agreement with the ? photometry within the uncertainties. Their SEDs, shown in Fig. 10 , allow us to rule out the possibility that these two sources are extragalactic contaminants. They are inconsistent with a purely photospheric emission and display some excess in the near-and mid-IR most likely related to the presence of circumstellar material, suggesting their youth and membership of the association. In the near-IR, these two objects look like lower luminosity analogues of the substellar member S Ori J053902.1-023501 (?). Their mid-IR excess is less than that reported for S Ori J053902.1-023501. ? associated Mayrit 72345 with the X-ray source NX 77 detected with XMM-Newton by ?. Figure 6 shows that their SED is very similar to that of SigOri-MAD-31, adding further evidence that this latter source is likely to be a very low mass substellar member. The J and H-band luminosities of these 3 objects are well matched by a DUSTY SED with a mass of ≈5.5 M Jup at a distance of 440 pc and at an age of 1 Myr (Fig. 6 and 7) . At 5 Myr, these luminosities correspond to a mass of ≈7 M Jup , as described in ?. This estimate is only tentative as the objects display some near-IR excess.
Notes on individual targets
SigOri-MAD-11 is detected in the MAD (12-σ) and NACO (3-σ) images, confirming that it is a real detection. The two observations are separated by ≈3 yr and we tried to measure the proper motion relative to the closest unsaturated object, σ Ori IRS1a. The large uncertainties (dominated by the poorly calibrated camera distortions, of the order of 1% of the pixel scale for CONICA and unknown for CAMCAO see e.g. ??) and the small proper motion of the association (only ≈6 mas/yr, corresponding to ≈18 mas between the two epochs, or 1.35 CONICA pixels and 0.9 CAMCAO pixels) make these measurements inconclusive. New measurements covering a longer timescale will be required to confirmed that this source is co-moving with the nearby massive cluster members.
SigOri-MAD-26 is the faintest and reddest object with a detection in both H and K s . It has a counterpart in the SofI image. Its luminosity and color are consistent with the DUSTY 1 Myr isochrone at 440 pc within the uncertainties, but are largely inconsistent with the color of the confirmed member S Ori 70, which lies on the much bluer COND isochrones. This source is therefore unlikely to be a very low mass substellar member of the association. The K-band peak in the SED could be that of a low redshift (z≈0.5) galaxy. We nevertheless note that an average size galaxy (10 000 light year diameter) at that distance would have been easily resolved by our MCAO images. The object lies in the direction of the reddening vector, suggesting that it is most likely an extinguished source.
SigOri-MAD-34 (Mayrit 53049)
is clearly detected in all IRAC four bands, and displays some excess at long wavelengths indicating the presence of circumstellar material and adding further evidence that the object is young and a member of the association. Assuming an age of 1 Myr and a distance of 440 pc, its H and K s -band luminosities correspond to a mass of ≈0.45 M ⊙ according to the NextGen models.
Spatial distribution of BD and PMOs
Using DENIS, 2MASS and previously published catalogs, ?? recently concluded that there is an apparent deficit of very low mass stars and high-mass BDs in the central 4 ′ of the cluster. The relatively large number of faint objects detected in our new images of the central part of the cluster suggest that a large fraction of very low mass members might have been missed by the previous survey because of the very bright central massive stars. Their presence affected all the previous seeing limited observations, making the detection of very low-mass cluster members in this region very difficult, if not impossible. The unprecedented dynamic range provided by MAD allows us to detect a number of faint sources that, if confirmed as cluster members, could fill the very low mass end of the central cluster population. Additional observations are required to confirm the membership and nature of the candidates and provide a quantitative answer to that question.
Conclusions and future prospects
Using multi-conjugate AO images of the core of the σ−Orionis cluster, we have identified 6 new BD candidates and 25 planetary mass candidates. Five of these have additional mid-IR Spitzer 
